Small nuclear RNAs were isolated from human placenta and fractionated into individual molecular species. They were then iodinated with 1 2 5 i and used as probes to screen the human genome. Of 2 x 10 1 * recombinant phage clones screened, 22 clones hybridized with U6 RNA, suggesting that there were about 200 copies of this sequence family per haploid genome. Southern blots of these cloned DNAs digested with several restriction enzymes gave the following results: 1, each clone had only one fragment that carried the U6 sequence, 2, the lengths of these fragments varied from clone to clone. These observations indicate that U6 sequences exist as dispersed middle repetitive DNA, and that the sequences surrounding these loci vary.
INTRODUCTION
Virtually all eukaryotic cells are known to contain low molecular weight RNAs of distinct molecular species (snRNAs) in their nuclei. These RNAs are frequently called Ul, U2, U3, etc. (1) . Some of these RNAs have sequence homologies throughout phylogeny (1, 2) , suggesting their roles in fundamental vital cellular processes.
Recently, Steitz's group found sequence complementality between the 5-terminal portion of Ul RNA and both ends of intron sequences from many premRNAs, and thus suggested that this snRNA is involved in the process of splicing (3) . Similar sequence complementality was found for other snRNAs, including U6 RNA (4).
The 106 nucleotide sequences of mouse (4) and rat (5) U6 RNAs are identical except for UC (mouse) versus CU (rat) at positions 5 and 6, and U 5 (mouse) versus U11/U5 mixture (rat) at 3'-end. This RNA has a cap-like structure at its 5'-end (5 and Harada, personal communication), suggesting that U6 RNA might be a transcript of RNA polynerase H . However, it possesses common features of initial transcripts of RNA polymerase m , such as that it is a short RNA, starts with G and terminates with a stretch of U,, or U 5 (6) (7) (8) (9) .
According to earlier reports, several snRNAs are transcribed from middle repetitive genes, the copy numbers ranging from several hundreds to thousands per haploid genome (10, 11) . However, it is unknown which RNA species in these reports correspond to U6 RNA. This paper reports the cloning and sequencing of human U6 RNA-related sequences. These sequences are shown to be repetitive, to have microgeterogeneity mainly of C/T or A/G change and to show various sequences surrounding these loci.
MATERIALS AND METHODS

Isolation of snRNA
Placenta was obtained from a maternity hospital and used within 1 hr after delivery. Low molecular weight RNA was obtained essentially by the method of Roe (12) . Approximately 300 g of tissue was homogenized in a Polytron Homogenizer with 1.3 volume of 0.14 M sodium acetate, pH 5.0, and 1.3 volume of phenol previously saturated with the same buffer.
The homogenate was centrifuged and the aqueous phase was collected and extracted twice more with phenol. DEAE-cellulose (Whatman DE 52), 6.5 g, was added to the final aqueous phase and the suspension was poured into a 2 x 10 cm column. This column was first washed with 0.3 M sodium chloride, 0.14 M sodium acetate (about 120 ml), until the A of the eluate was less than 0.1.
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Low molecular weight RNA was eluted with 1 M sodium chloride, 0.14 M sodium acetate, pH 5.0, and precipitated with 2.5 volumes of ethanol.
The RNA thus obtained was fractionated by electrophoresis in 10% polyacrylamide gel containing 10% glycerol and I x TBE (13), at 8 v/cm for 24 hrs.
For preparative purposes, UV-absorbing bands were detected with the aid of a fluorescent plate placed immediately beneath the gel, and were cut out, macerated and extracted with 0.6 M sodium acetate, pH 7. to the corresponding restriction sites of pKH47 (21) . These DNAs were used to transform E_. coli K 12 strain HB101 and the appropriate transformants were selected by the method of Grunstein and Hogness (22) with 125 I-U6 RNA as a probe. One plasmid clone was chosen for each independent X clone and its DNA was prepared as described (21) . The plasmid DNAs were cleaved with restriction enzymes of frequent hit, analyzed in 2% agarose gel and blotted to identify the fragments that hybridized to the probe. Fragments of interest were sequenced as described by Maxam and Gilbert (23) . conditions. Thus it appears that there is a distinct U6 wequence family of small diversity in the human genome.
Since the insert size of this library is approximately 15 Kb, and the size of the human whole genome is 3 x 10 G Kb per haploid, the clones screened cover about 10% of the total haploid genome. Therefore, the copy number of into plasmid pKH47 and termed pSn37-7 and pSn 72-9, respectively. They were digested with enzymes of frequent hit, analyzed in 2% agarose or 5% acrylamide gels and blotted to locate the 06 sequences. In each case only one fragment hybridizaed to the probe (data not shown).
The appropriate fragments were isolated, labeled at their 3 1 -or 5'-end and sequenced after strand separation (23) . The sequences thus obtained are shown in Fig. 3 , together with the sequences reported for mouse (4) and rat 
DISCUSSION
In an attempt to elucidate the structural organization of U6 RNA genes, clones carrying U6 sequences were isolated from a human genome library.
Twenty-two of 2 x 10 1 * clones were found to harbor these sequences. Therefore, the copy number of this sequence family was calculated to be approximately 200 per haploid genome. This value is in the range estimated earlier for the copy number of snRNA genes (10, 11) .
These isolated U6 sequences were shown to be surrounded by heterogeneous sequences. This is in contrast to a previous report on Ul and U2 genes of rat (24) , but in accordance with findings on D2 genes of Dictyostelium (25) .
None of the isolated clones carried two or more U6 sequences, indicating that these sequences are dispersed in the genome.
Sequencing studies revealed that the heterogeneity of surrounding sequences begins immediately outside these loci. Similar devergences are found in many eukaryotic ntultigene families (27) . Some common features were found in 5'-flanking regions; namely, 1 , several A clusters near the genes and 2, some AT block oligomers further upstream. Similar observations were reported for one D2 RNA gene of Dictyostelium. It is premature, however, to speculate on cellular functions of these common structures.
One of the sequences has an unusual CTA 1 8 T 2 at the 3'-end instead of T 5 . T^_ s segments are thought to be necessary for the termination of transcription of ribosomal 5S and tRNA genes (7) (8) (9) . Possibly the CTA l8 T 2 sequence can also serve as a termination signal, because of its instability in formation of a double helix.
Other than this, considerable mismatches to RNA sequences were found within the sequences reported here, so that these loci cannot code for the major 06 RNA. One possibility is that these sequences are so called In Dictyostelium, one sequenced D2 RNA gene showed A/G or C/T mismatch to the major D2 RNA sequence, but minor D2 RNA components showed such a microheterogeneity (25) . In the same context, it is possible that snRNAs of higher eukaryotes also have microheterogeneities, and only the sequences of major components have been examined. Lerner et al. showed that the sera from some patients with systemic lupus erythematodes precipitates various snRNAs as ribonucleoprotein particles (2, 28) . Some of the sera precipitate major heterogeneous populations of snRNA, the size of which is similar to that of U6 RNA (28) . These minor RNAs could be the transcripts of the 06 sequence family described here. However, this possiblity remains to be proved.
Recently, Denison et al. reported multiple pseudogenes of 01, U2 and 03 RNAs dispersed in human genome (29) . These psendogenes had considerable sequence mismatches to the corresponding RNAs but these mismatches were mainly transitions. All these facts were also found for U6 psendogenes as described in this report. Perhaps these characteristics are common for most of snRNAs.
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